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[57] ABSTRACT 

A fluid filled resilient bushing assembly for vibration 
control, particularly adapted for use in a suspension 
system, which includes an elongate inner rigid member 
and an elongate outer rigid sleeve member,, a resilient 
device interposed between the inner and outer mem- 
bers. The resilient device together with the outer mem- 
ber defines two circumferentially and axially-spaced 
chambers and a restricted passageway connecting the 
chambers. The chambers and passageway contain an 
incompressible fluid. Disposed in one chamber is a eias- 
tomeric channel device that preloads the bushing as to 
radially offset the inner member relative to the outer 
sleeve member. . 

2 Claims, 1 Drawing Sheet 
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In general, rubber bushings can be said to provide little 
FLUID FILLED RESILIENT BUSHING damping. 

Another form of bushing assembly is fluid filled bush- 
FTELD OF THE INVENTION ings. Such bushings are more suitable to provide damp- 

The present invention relates generally to fluid filled 5 mg - example of such bushings are disclosed in U.S. 
resilient bushing assemblies, and more particularly the Nos " 3 ' 698 - 703 3.642^68. In the disclosed pa- 

present invention relates to fluid filled resilient bushing tent3 > fluid med bushings generally include a cylin- 
assemblies for vibration isolation and damping. dncal don 8 ate umer ri » d member, an elongate outer 

ngid sleeve member concentrically disposed and radi- 
BACKGROUND OF THE INVENTION 10 ally spaced from the inner member and a resilient means 
In recent years bushing assemblies have been useful as ^posed between the inner member and outer sleeve 
vibration isolation and damping structure at a connect- r ^ ent ^menc ineans defines a pair 

ing joint between a base member and a member mov- ° f 5"*™*^^ T% diamttncally opposed 
able about the connecting joint in such applications as Duldly connected m 

machinery, airplanes, boats and vehicular transporta- re f? „ Pf SS f*' eway ' 

tion. Generally, the base member has two ends, one end ™ e fl " d chambers and restncted passageway are 
affixed to a relative stationary frame and the second end 2" ^ 8 T^* ^ff^l flu " L 
defining a mating member forming a part of a housing of chamber \ are c ° ml „ e P ted , b r restncted pas- 

the connecting joint The member movable SS£ J0 ^ Na J*^ """P 1 . 1 f 641 

connecting jomt also has two ends, one end affixed to an 20 ^ * T*-**?? 

element movable with respect to the frame, and a sec- St T* ra^ y K m c £ e don 8 at ?,? uter n ? d t 
ond end defining a matinf member which along with co S^^5!5'Sf ^ ^A^i^t? 
the mating member of the base member forms the hous- £ 0Dnectmg Jolms * uch ^ * e l°ngitudintd axis of the 

affixed within the housing of the connecting joint and ^ , A Y , " *rv . . y \ . 

controls forces and accommodates movement from Ae ^^^^^^T °/ f^T 

movable element generally in the radial direction of the SSffS^TSTi. * " VT.*"* 

housine assembly radlal Section of the bushing assembly between the 

Various forms of movements occur at the connecting M Zl^l^W S?Z ^tt 
joint including static and dynamic vibratory motions. It 30 JS^ShlSffta? ffi 

iL ! ir ble d t d i the ^rr* * -pf %° f v£,^ d ti ^ , ^^.StXnb^ 

*e r k ^ m ° UOnS ' ? ef * y contracted, the fluid is displaced therefrom through the 

E?Zf ^ £f ^ ° f SUCh 0ly , m0t !?^ to restricted passageway to an expanding second chamber, 
debase member while accommodating statu: deflec- 35 ^ ^ reverse cycle of the vibratory motion, when the 

¥ , . , ..... first chamber is expanding and the second chamber is 

In vehicular transportion such as automobiles, bush- contracting, the fluid is reversibly moved through the 

mg assembles are widely used at jointe in the suspen- restricted passageway. As can be seen, an osciUatory 

sion assemblies to control forces and accommodate motion of ^ fluid fa gene rated within the restricted 

movement mclu^g >^ratory motions. One concern in 40 passageway between two chambers diameter about a 

automobiles is the reduction of vibratory motions in- radial direction 

duced from ithe road surface ^and isolation ofthepassen- The oscillatory fluid in the restricted passageway 
ger compartment from such motions. Such vibratory creates a fluid resistance and/or a means or inertia resis- 
motions may comprise a range of amplitudes and fre- tance to the pumping forces of the chambers resulting in 
quencies and rations tn various directions. Relative to 45 damping or the vibratory motions along the radial di- 
tto road, the vibratory motion may be vertical, such as recti on of the bushing assembly. The chambers may be 
up and down motion, or it may be horizontal, such as circumferentially spaced to provide damping along 
the sway motion incurred in cornering of a car. Auto- more than one radial direction. Intermediate of the 
motive suspension systems are designed to reduce such chambers, the bushing assembly comprises a solid rub- 
vibratory motions. A front end suspension system is 50 ber member, extending along the axial direction of the 
made up of components including various arms, rods, bushing assembly wherein these sections of the bushing 
links, etc. intermediate of the frame and the wheel as- assembly have the characteristics of the rubber bushing 
sembly of the car. Generally, an elongated arm extends with respect to vibratory motion, 
from the wheel assembly, and another arm extends from The above referred to bushing assembhes are suitable 
the frame which are connected together at a connecting 55 for applications having zero static radial deflection of 
joint by a bushing assembly. the inner member relative to the outer member. In these 
One common type of bushing assembly is a rubber appUcations, the radial distance between the inner and 
bushing. An example of such a bushing is disclosed in outer members is generally equal until motions are ap- 
U.S. Pat Nos. 4,121,813 and 2,948,502. In the disclosed plied to deflect the inner member relative to the outer 
patents the rubber bushings generally have annular 60 member. However, in some appUcations the design of 
elongate inner and outer members disposed in a coaxial the connecting arms impose a static radial deflection on 
and radially spaced apart relation and a resiUent elasto- the bushing assembly, offsetting the inner member rela- 
mer member interposed therebetween. Such bushings tivc to the outer member under static conditions. Such 
are used to control and transmit movement but have continuous static deflection imposes a stress on the end 
limited capability in damping vibrations. Damping of 65 walls of the bushing assembly, possibly resulting in a 
vibrations is attained by dissipating the energy of the shorter life for the bushing. It is desirous to have a 
vibratory motion. The damping provided by elastomers bushing , assembly with a preload that would oppose 
is a function of the hysteresis property of the elastomer. static deflection such that the bushing would have a 
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generally equal radial distance between the inner and connect the bushing assembly 10 to an external struc- 
outer members under static conditions. ture such as two components of a suspension system. 

SUMMARY OF THE INVENTION elo^eTu^^^t^ 3HS 

With the foregoing in mind, a primary object of the 5 elongate rigid sleeve member 16 and an annular rubber 
present invention is to provide an improved fluid filled seal 18. The rigid mating member 14 has a radially out- 
resilient bushing assembly particularly suited for con- ward crimped portion 14a at each axial end thereof. The 
necting relatively movable components. mating member 14 is made of two components 14', 14" 

Another object of the present invention is to provide joined together at line 2—2. Axially and circumferen- 

a novel fluid filled resilient bushing assembly providing 10 tially spaced along the mating member 14 are two aper- 

damping of vibratory motion at excitations of various tures therethrough or two orifices (one of which is 

amplitudes and frequencies in the radial direction. shown) 15. The cylindrical elongate inner rigid sleeve 

Still another object of the present invention is to member 16 is concentrically disposed inwardly of and 

provide a novel fluid filled resilient bushing assembly adjacent to the outer rigid mating member 14. The 

maintainin g equal radial distance between the inner and 15 annular rubber seal 18 is disposed between the crimped 

outer members under static conditions when a static portion 14a of the inner rigid mating member 14 and the 

load cuases excessive deflections of the inner member outer rigid sleeve member 16 at the axial outer ends of 

relative the outer member. the sleeve member 16. The annular rubber seal 18 is 

It is a feature of this invention to have a means to affixed to the inner rigid sleeve member 16 and the 

radially preload a bushing assembly located in one 20 outer rigid mating member 14 by a suitable rubber to 

chamber to maintain equal radial distance between the metal adhesive. 

inner and outer members. Defined between the radial outer portion of the inner 
It is an advantage of this invention that the end walls rigid sleeve member 16 and the mating member 14 is a 
of the bushing assembly are not continuously stressed spiral shaped passageway 22 having a semi-circular 
by static loads applied to the bushing assembly. 23 cross-sectional area. The passageway 22 extends spi- 
More specifically, in the present invention a fluid rally along the axial length of the inner rigid sleeve 
filled resilient bushing assembly is described having an member 16 between the two spaced orifices 15. The 
elongate inner rigid member, an elongate outer rigid semi-circular cross-sectional area of the passageway 22 
sleeve member disposed about and radially spaced from is formed in the rigid sleeve member 16. The mating 
the inner member to define a space therebetween. A 30 member 14 provides a flat sealing interface with the 
resilient means is disposed about the inner member be- cross-sectional area to define the restricted passageway 
tween the inner and outer members. The resilient means 22. One major advantage of the spiral shaped restricted 
defines at least two spaced chambers interconnected by passageway is the length to diameter ratio thereof 
a shaped restricted passageway defined by the inner which is from about 20:1 to about 50:1. The spiral con- 
rigid member wherein the two chambers are circumfer- 35 figuration of the restricted passageway is from about 1 
entially spaced. An incompressible fluid is contained in to about 8 turns per inch preferably from about 2 to 
the spaced chambers and restricted passageway. Dis- about 6 turns per inch, most preferably 4 to 5 turns per 
posed inbetween the inner and outer members is a inch. 

molded elastomeric enclosed channel to maintain gener- A cylindrical elongate rigid sleeve member 24 is con- 
ally equal radial distance between the members offset- 40 centrically disposed about and radially outwardly 
ting static loading. spaced fromthe inner member 12 to define an annular 

BRIEF DESCRIPTION OF THE DRAWINGS Spa< T e t ] ierebetweei1 - ^ sleeve member 24 is 

made of two components 24', 24" joined together at line 

The foregoing and other objects, features and advan- 2—2. Disposed radially outwardly of and adjacently to 
tages should become apparent from the following de- 45 the sleeve member 24 is a second sleeve member 25 that 
scnption when taken in conjunction with the accompa- extends axially outwardly of both ends of the sleeve 
nymg drawings, in which: member 24. Each end ofthe second sleeve member 25 is 

FIG. 1 is a longitudinal sectional view taken along crimped radially inwardly over the ends of the sleeve 
the mid axial plane of a bushing assembly of the present member 24. In the present embodiment the radial outer 
mvention showing the circumferentially spaced cham- 50 mating member 14, inner rigid sleeve member 16, the 
bers, spiral restricted passageway and a molded elasto- sleeve member 24 and second sleeve member 25 are 
menc enclosed channel in one chamber; made of a cold drawn low carbon steel. Other rigid 

FIG. 2 is a view taken along line 2—2 of FIG. 1 materials may be used depending on the designers 
showing a cross-sectional view of the two chambers, choice. 

one of which contains the molded elastomeric enclosed 55 A resilient means 26 is disposed between the inner 
channel. rigid member 12 and the rigid sleeve member 24. In the 

DESCRIPTION OF THE PREFERRED present invention the resilient means 26 is molded of 

EMBODIMENTS elastomeric material such as high temperature natural 

rubber in a unitary piece which is inserted sealingly 
Referring now to the drawings, FIG. 1 illustrates a 60 combined between the inner and sleeve members. The 
longitudinal sectional view wherein the sectional view inner member 12 and sleeve member 24 are preferably 
is taken along the mid axial plane of a fluid filled resil- bonded to the resilient means 26 by a suitable rubber to 
ient bushing assembly 10 which embodies the present metal adhesive. 

invention. For clarity, FIG. 2 illustrates an elevational The resilient means 26 defines two circumferentially 
cross-sectional view taken along line 2-2 of FIG. 1. 65 spaced chambers 28, 30 diametric about the inner rigid 
The bushing assembly 10 includes a cylindrical elongate member 12. FIG. 2 shows the circumferential spacing 
inner rigid member 12 having an annular bore 13 there of the chambers 28, 30. The two chambers 28, 30 are 
through suitable to receive a member (not shown) to fluidly interconnected by the spiral shaped restricted 
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passageway 22 and the two orifices 15. As shown in 
FIG. 1, each of the chambers 28, 30 has two flexible end 
walls 38, each extending from sealingly combining the 
innerrigid member 12 and the rigid sleeve member 24. 

The pair of chambers 28, 30 and the restricted pas- 
sageway 22 are filled with a substantially incompressi- 
ble working fluid (not shown) such as a mixture of 
ethylene glycol and water. The chambers 28, 30 and the 
restricted passageway 22 are filled with the working 



range of 10 to IS mm and providing damping in the 
frequency range of 4 to 6 Hertz. 

During operation, vibratory motions in the radial 
direction represented in FIG. 1 by the arrows A, B 
respectively, cause the working fluid to oscillate in the 
restricted passageway 22 between the first chamber 28 
and the second chamber 30. Oscillation of the working 
fluid within the restricted passageway 22 acts as a 
damping effect against the vibratory motion. In FIG. 1, 



fluid through an aperture 39 extending through the 1° the two chambers 28, 30 are diametric of the rigid inner 



resilient means 26, sleeve member 24 and second sleeve 
member 25. The aperture 39 is sealingly blocked by a 
plug 40 after the chambers 28, 30 and restricted passage- 
way 22 are filled The efficiency with which the work- 
ing fluid is displaced between the chambers 28, 30 is 
affected by the flexibility of the end walls 38 which can 
be defined as volume compliance. This compliance is 
defined as the ratio of a change in pressure of a chamber 
to the change in volume caused thereby. Thus, 
C=dP/dV. Thus, when a small change in volume re- 
sults in a large change in pressure, the compliance is 
high. The compliance of the end walls 38 of each cham- 
ber 28, 30 is greater than that of its adjacent wall por- 
tions so that it is capable of being flexed readily by 
hydrodynamic pressure developed in the chambers in 
the course of operation of the bushing assembly 10. In 
particular, the flexural motion of the walls 38 occurs as 
a result of alternating pressure resulting from the vibra- 
tory motions. 

The efficiency of the displacement of the working 
fluid between the chambers 28, 30 is also affected by the 
restricted passageway 22. As shown in FIG. 1, the re- 
stricted passageway 22 extends from one chamber 28 to 
the other chamber 30. The efficiency of the displace- 
ment of the working fluid in the restricted passageway 
is affected by the inertia (pi/ A wherein p=mass den- 
sity; 1= length of passageway; and A = area of passage- 
way) of the fluid and the fluid losses within the re- 
stricted passageway. The increased inertia as found in 40 
the bushing assembly of the present invention provides 
for increased flexibility and performance to accommo- 
date lower tuning frequencies and a wide range of vi- 
bratory motions. 

Disposed in one chamber 28 between the inner mem- 
ber 12 and sleeve member 24 is a collapsible column 
elastomeric preload member 42 that functions to offset 
radial static deflections of the inner member 12 relative 
to the sleeve member 24. As shown in FIGS. 1 and 2, 
the preload member 42 is a closed member having four 
axial walls 44* 45, 46, 47 and open ends 48, 49 integrally 
connected to form an open ended chamber 50. The 
preload member 42 is positioned adjacent to and con- 
tacting the inner member 12 and the sleeve member 24 
and axially extends about 60% of the axial length of the 55 
chamber 28; In the present embodiment, the preload 
member 42 is designed to main tain the center position of 
the inner member 12 under static ldads. It is understood 
that hte design of the preload member 12 depends on 



member 12, lying in a singular radial plane. As one can 
appreciate, the preload member 42 serves to offset static 
deflections on the inner member 12 to maintain concen- 
tricity of the bushing 10. The vibratory motions along 
the radial plane of the two chambers 28, 30 induce oscil- 
lating movement of the inner member 12 relative to the 
outer sleeve member 24 causing the working fluid to 
oscillate in the restricted passageway 22 between the 
first chamber 28, and the second chamber 30. In particu- 
lar, when the vibratory motion pushes the inner mem- 
ber 12 towards the outer sleeve member24 contracting 
the first chamber 28 and the preload member 42, the 
working fluid is pushed from the first chamber 28, 
through the orifice 15 into the restricted passageway 22 
and to the expanding second chamber 30. The inertia of 
the fluid in the passageway 22 causes a resistance to the 
contraction of the first chamber 28 resulting in a damp- 
ing effect against the vibratory motion of the inner 
member 12 towards the sleeve member 24. When the 
vibratory motion reverses and pushes the inner member 
12 towards the outer sleeve member 24 the second 
chamber 30 is contracted, wherein the vibratory motion 
is dampened by the resistance of the fluid flow through 
the restricted passageway 22. It is well known that the 
two chambers may be offset from the circumferentially 
spacing to provide damping of vibratory motion in two 
radial directions. 

The manufacture of fluid filled bushing assemblies is 
well-known to those skilled in the art and may be ac- 
complished by several different methods. Fluid filled 
bushing assemblies of the present invention are manu- 
factured by separately manufacturing the components 
and then combining them. In particular, the mating 
member 14, cylindrical elongate rigid sleeve member 
16, sleeve member 24 and second sleeve member 25 are 
formed according to standard metal working methods. 
The mating member 14 and the sleeve member 24 are 
made in two separate half components divided at the 
axial midpoint thereof. The parts are cleaned, a primer 
SO and suitable rubber-to-metal adhesive is applied to sur- 
faces to which rubber will be applied. The rubber is 
applied to the separate half components by normal 
molding operations. In particular, the first half of the 
mating member 14 and the first half of the sleeve mem- 
ber 24 are placed in a mold and rubber is injected into 
the mold to form the resilient member 26 sealingly com- 
bining the members 14 and 24. In a separate operation, 
rubber is molded to the second half of the mating mem- 
ber 14 and the sleeve member 24. The preload mem- 



15 



20 



25 



30 



35 



45 



the static load, desired static offset of the inner member 60 ber42 is inserted into one chamber. The two rubber 



12, fatigue life and motion limits. The preload member 
42 is designed to accommodate radial vibratory motions 
with the bushing 10. The collapsible column design is 
suitable to allow the inner member 12 to move radially 
relative to the outer member 24 when dynamic radial 65 
vibratory motions are applied. 

Bushing assemblies 10 of the present invention are 
particularly suitable for large static deflections in the 



seals 18 are placed on the axial ends of the sleeve mem- 
ber 16 which is then slid into the cavity radialy inward 
of the mating member 14 until the orifices 15 align with 
the restricted passageway 22. The axial ends of the 
mating member 14 are then crimped over the axial ends 
of the sleeve member 16 to secure the sleeve member 16 
in place. The two halves are then assembled and the 
second sleeve member 25 is slid over the sleeve member 



02/23/2004, EAST version: 1.4.1 



4,899,997 



24 whereafter the ends of the second sleeve member 25 
are radially inwardly crimped to secure the assembly. 
The chambers 28, 30 and passageway 22 are rilled with 
fluid whereafter the plug 40 is inserted into the aperture 
39. 

While the invention has been described with refer- 
ence to a preferred embodiment, it will be understood 
by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements 
thereof without departing from the scope of the inven- 
tion. In addition, many modifications may be made to 
adapt a particular situation or material to the teaching 
of the invention without departing from the essential 
scope thereof. Therefore, it is intended that the inven- 
tion not be limited to the particular embodiment dis- 
closed as the best mode contemplated for carrying out 
this invention, but that the invention will include all 
embodiments falling within the scope of the appended 
claims. 

What is claimed is: 

1. A fluid filled resilient bushing assembly for vibra- 
tion isolation and control comprising: 

an elongate inner rigid member; 

an elongate outer rigid sleeve member disposed about 25 
and radially spaced from said inner rigid member 
to define a space therebetween; 



8 



10 



15 



20 



a resilient means disposed about said inner rigid mem- 
ber between said inner rigid member and said outer 
rigid sleeve member for sealingly connecting said 
inner rigid member to said outer rigid sleeve mem- 
ber, said resilient means defines at least two cir- 
cumferentially spaced chambers; 

a restricted passageway fluidly interconnecting said 
at least two circumferentially spaced chambers; 

a separate molded elastomeric enclosed channel dis- 
posed in one chamber to radially preload said bush- 
ing assembly, whereby said inner rigid member is 
deflected nonconcentrically of said outer rigid 
sleeve member by said molded elastomeric en- 
closed channel and 

an incompressible fluid filling said chambers and said 
restricted passageway; 

wherein during vibratory motion between inner rigid 
member and said outer rigid sleeve member at least 
one of said spaced chambers is contracted and 
another of said spaced chambers is expanded caus- 
ing said incompressible fluid to flow through said 
restricted passageway from said contracting cham- 
ber to said expanding chamber. 

2. A fluid filled resilient bushing assembly according 
to claim 1, wherein said restricted passageway is spiral 
shaped. 

* * * # * 
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Abstract Text - ABTX (1) : 

A fluid filled resilient bushing assembly for vibration 
control , 

particularly adapted for use in a suspension system, which 
includes an elongate 

inner rigid member and an elongate outer rigid sleeve member, 
a resilient 

device interposed between the inner and outer members . The 
resilient device 

together with the outer member defines two circumf erentially 
and axially- spaced 

chambers and a restricted passageway connecting the chambers. 

The chambers and 
passageway contain an incompressible fluid. Disposed in one 
chamber is a 

elastomeric channel device that preloads the bushing as to 
radially offset the ~~ 
inner member relative to the outer sleeve member. 



Detailed Description Text - DETX (10) : 

Disposed in one chamber 28 between the inner member 12 and 
sleeve member 24 

is a collapsible column elastomeric preload member 42 that 
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functions to offset 

radial static deflections of the inner member 12 relative to 
the sleeve member 

24. As shown in FIGS. 1 and 2, the preload member 42 is a 
closed member having 

four axial walls 44, 45, 46, 47 and open ends 48, 49 
integrally connected to 

form an open ended chamber 50. The preload member 42 is 
positioned adjacent to 

and contacting the inner member 12 and the sleeve member 24 
and axial ly extends 

about 60% of the axial length of the chamber 28. In the 
present embodiment , 

the preload member 42 is designed to maintain the center 
position of the inner 

member 12 under static loads. It is understood that hte 
design of the preload 

member 12 depends on the static load, desired static offset 
of the inner member 

12, fatigue life and motion limits. The preload member 42 is 
designed to 

accommodate radial vibratory motions with the bushing 10. 

The collapsible 

column design is suitable to allow the inner member 12 to 
move radially 

relative to the outer member 24 when dynamic radial vibratory 

motions are 

applied. 

Claims Text - CLTX (6) : 

a separate molded elastomeric enclosed channel disposed in 
one chamber to 

radially preload said bushing assembly, whereby said inner 
rigid member is 

deflected nonconcentrically of said outer rigid sleeve member 
by said molded 

elastomeric enclosed channel and 
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